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(57) Abstract: 



PROBLEM TO BE SOLVED: To make such an etching gas 
that becomes the object of fluorocarbon gas control 
unnecessary by etching a second clad layer and an active 
layer composed of gallium nitride semiconductors with an 
etching gas containing boron trichloride and chlorine. 

SOLUTION: After a sapphire substrate 100 is set on a 
quartz plate 17, a vacuum chamber 11 is evacuated to a 
vacuum. Then boron trichloride BC 3 and chlorine C 2 are 
respectively introduced to the chamber 11 at rates of 
50sccm and 5sccm through a first reaction gas 
introducing pipe 13 and a second reaction gas 
introducing pipe 13 and high-frequency electric power of 
13.56MHz in frequency is supplied between first and 
second electrodes. As a result, the plasma of the 
reaction gases is generated in the chamber 11 and the 
laminated body of the gallium nitride semiconductors can 
be dry-etched. Therefore, a dry etching method which can 
etch a wide range of semiconductors, especially, GaN 
compound semiconductors without using such an etching 
gas that becomes the object of the fluorocarbon gas 
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l#i*l83ft<raS5[gj 

<bl&Z&W*7iy h'mt % HKtfHCKte (intrinsic 
lV^SS«kttK*frWJS2<aiSmSOg{fc;tf y y-^¥ 

H&fc* 7 SSf £ M Sr^ir^ X MIS 

(IS^JS3] fljiE^y^^ii, i§iJi]i£li;7Jtc,fc5 7* 

[f»*^4] fllEmi <73*7 y KSli, n§J<7> I n, 
Al, Ga,.,., Nfk^^^-CfoO, SulESteJg 
(±, Sttroin, Al, Ga,.,., Nffc-g-^JSWCfc 
K> , ifttzm 2 CO 9 7 y KJI l±, p S<73 In, Al, G a 

5 1 ffirieMff^xm«7>sffcm i comnm 

*§j£x, y<Dm±. ffirl5'<y7rJ8K:o^-Ctt:, 0 ^ x 
^ o.5, o.5 ^ y ^ i, striae 1 7 y K^I-OV^ 

Ttt, 0 £ x £ 0.3, 0. 1 ^ y =s 1, flfJfSSt&g K 
OI/^Ttt, 0 £ x ^ 0.6, 0 ^ y £0.5, mllEm 2 
0^7*; KJS(.ro^TI2, 0 ^ x £ 0. 3, 0. 1 ^ y 

[§S*JI7] ffiffi^yT^y'ttgHkJBIi 7*- h Uv?* 
f> £<7) 2^^^^^^y^->^^^^^ t LfciSS^y 

IfS*^8] ffiSESft^y^y'lcJ: 19 , i5l£SH[<7> 
i'^ollW^yFii. HSCttK^Cte (intrinsi 
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8&^2<£>^7y KIro±g?di (n^-yf-^-trRiir^f 
S£H 1 05* y >- ^ffl ^ ^ l>T &<D'p f£ < 

10 SEMl^^y^^^ffi^^^SrlSfe^. 3Prfc#m 2 <75j: 

^^2<75^y^:/:/;B^;*:7£3H^T!£fl2cO:7 7y K 
/I *3 J: t/38g1±Ji £ * y ^ > y*"T 5 % 2 co K 7 -f 31 y ^ 
>^Xgt*»e>>fc5{k^^i»(*:$rffi^^Wfe«5t5R^ 

[flfjfcigll] fiJlSM 1 <©3iy^>^-r^^.|iK{fc: 

20 ftSf^Siit^fe, 

[IS*^12] ^IEm2<733iy^-^^ffi^^^ttS{t 

[»*S13] tulSmi^«tO : m2i73 'h'^xyf^ 
^Xmtt¥ff3p«S7*7X-^n :/ ^^^atrfflV^7* 

[W*514] Itjl5^2 03 Ky>f^y^>^xmtC5l 

^{CBtjis^ 1 7 y KMco-sctcm 1 <Dn.mm*j&f& 

[gf*^l 6 J m^2co^=7-y h'mcDJz&co-mz 

m 2 commm ^^-r^nm^mz^- 1 &wmt-r 

40 3ff#J5l OlS^^-fk^^^^ffi^TtW^Tt^ 

. CS»*«S17] ^I5^1^^7y K/ffi, n§J<75In 
. Al, Ga,.,-,Nfb^^iS»'Cfe9, ffrfEfsttii 
fi, Ift^In, Al, Ga,-, r N{fc#&>^gftT'&> 
19, MI5^2 0^7y K^fi, pPU. Al, Ga 

otzmcoit£®¥m&zm^^&ftft%*<v^3> 
50 m<Dm£#y ?j*&¥m&frbf&.Z'<v7 7m&* -9-7 
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'*&/*x, y<73fil4, ijlE^y^rSI-o^rii, o S x 
^ 0.5, 0.5 ^ y^ 1, MISmi 7 y K/glCOl^ 
Tf4, 0 ^ x ^ 0.3, 0. 1 ^ y £ l, HulSStt®^ 
Ofc*"Cf±, 0 g x ^ 0.6, 0 ^ y g 0.5, mTlSM 2 
ff)^7y K^Co^tli, 0 ^ x. ^ 0. 3, 0. 1 ^ y 

[0 0 0 1 1 

I-Vi£fa] (GaN-based III —V compound semiconduct 
or) ^fe^ft^ffl^^WfelSjtsR^wSiit^fejrBa 
t, 4#fc, gfk#y 7^iii-v&fia{k^fe¥^ftro k 
7 >f XL y > m-t z 1 -e h z . 

[00 0 2] 

[ft3fe<Z>&ffif] G a N, In. G a,., N, G a 

. ai... Ni^ct s^k^/y ^ix^^k^^^ 
Wfe^^t^^— k (led) ^nr^u— tf-y-r 

rf— K (LD) <?)Mi: LT, StiT^S. CltfMk 

- £ ?5>a^-C^o^Wfe3t^^-r5 L E 

[0 0 0 3] g{k# y ^^j^^^rffio fcWfe 
$§ft5S?^£ LTf4, «»J^[i, ^&f]^5 - 6 3 2 6 6 {CIS 

tt^ixf^a J; Sfcfewasfcofc. Eli6<c, rco4: ? 

2!t, t7 7 YtSSl 0 0(7)J:(:/<y77S2 0 1^ 
LTIII ^ tlfc n SG a N#i|*li 2 0 2. pIGa 
N*jSt»l2 0 3A>f>)S:oTV^, mbnSGaN^ 
^12 0 2, pSGaN^i2 0 3f B 1ff)^i 
Jc, y T£&Ai-3r <fc{c£oT^7fc£*T5 Zi:** 

t7 7 -ftS«10 05:fflfU ^OJ:CMO-CVD 

&^$:ffi^rs{k^y z j^frbtuzor^mtem 201, 
2 0 2, 2 0 3^§lt^< o znmmmfe 

£CVD<aSJ£ma><bSx l 9fciJLT, S^!/!7^ift 
[0004] g{k# y -7 A^^frli, Yk^ftfc##(c 

5a^, 7-yfk7k^^^^-eixej<75fi 

K7-fx y fy/i L-T<4, #P!^l 
~ 2 7 8 0 2 5 3-XI±#05|sp 1 - 2 7 8 0 2 6 ^§-(C|2& 

<t^Sf (CCL ) XI±2 7yft:2lW (CC 1: 

[0 0 0 5] 
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<k2^fk^^ (cel. F : ) f4, 7c^^SI^ 
^'i^gsi?.^fT9^g/5^5o -7f, ra^b^3R (cc 

1, ) &/Bv*fc2ffc-C?l4, ^^tl>Mjg<4ftv^, 2 7 

•y-fk2^fk^^ (ecu f 3 ) &m^tzjjmztt&^ 
x , 31 ^ > ^iSfi^^^icig < ^Mt±^ e> fc ^ <t 

10 R8Sfc*>5. 

[0 0 0 6] S£oT, 2W8W£>@#H4, Jft^s^Tjg 

^ > ^ & §r ® w-r 5 r t x & -s o 

[0 0 0 7]M^B«|i> ±lES{k#y !7-M$ 
^^^«K7^^7f>^fe^^T, 

[0 0 0 8] 

[3&S£*?ife-*-5 £»*>#&] fII5BW«:Sfi£r5^ 
20 ic, 2jcj£P^(cJ:S K7-f ^T^^m, H&fk*73? 
(BC 1, ) irtg^ (CI. ) ttt2=-v1-^?iS7>* 

[0 0 0 9] X, #35WUlJ:*Wfe38tt^OKig*$fe 

mn&ji,z.m& (intrinsic ) %mk# v t? j»&*m. 
tematrnk. ffi&fgi(Dm.&mktt&tt<n$5 2<nmmm 

Mtailt, k&$l k fab 

^ ?x * (c «t r> x z (Dmm w- $ * -c k 7 ^ ^ 

(CKte" trtSc^lctt^^S:^ (dope) bTV^^V^ 

[0010] &±.<n£otem&iz£*> % *&m\z&iz 

[0 0 11] Sfc^Jiro J: 5 J: 9, iSajfw* 
[0 0 12] 

[0013] 01 ^^SSLT, #3g^(Ci;5^k;tfy 7 

ffi®7*7X-^aiy^>^awSEB&l2-Cfe5. C\607*7 
X-v^^^^i/^gl 0(4, K*f+W<ll, ^1^) 
SJ^^^^A^l 2, l2 0)S^!?Af 1 3 ^ ^ 

ii4, ^i <7>m@ n, ^2 <omm 16,^2 <dwm 

i6J:{c«t$ht^fii7ii>5)<i:ori>S,'^5? 

50 ffi 1 714^2 (DQtel 6A»?>3i y?-^ ? 
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> &■ Kit"*" 5 7t ft '<-<75&:SJ| £*7t L T V n 5 . 

El i \z.i$\^x^-y^-^ym?t.Pc. -rtefrhmttfv -7 a 

1 0 0 Sr. 53Sffi 1 7 ICflLtl, l 

irt«ri x i o- : p a a^&. SMa-ra. ^LT. 1 

Og^^^iAf 1 2 *>5> =tt<fc*^3(f B CI, £ 5 0 
s c cmT% ^2Wg»i|Af 1 3*»e>^3SC l s 
$r 5 s c c m-CSI A1--5 <b ^ l w^I I5ig2 
OSSl 6(81^ 13.56MHz <Dmm& (RF) S7ja s 8fe 

$ ttfc'< ^77-/ = > y ? ^ > ;* ssg^/u 

Sic, 5g^y^v^tcfflv>5^^^*roU' 

[0014] Si\ SSI ^SJKtf^igAW 1 2ri»?>eys 

nS/^ff<75«^{4, BC1, fefc-SiggOaiy 

•So xyf y^lPa, R Fttit) 1 2 0W[£*5V> 

x, bci, tc\ 2 k<om&tt&&*mz.tz&&<nn 

6«»4J:5K, CI- /(Cl: + BC1, ) 255 0. 0 2 

5: wfttt, gft:#y 7^pS^»* 
^y^v^l-Slctt, ci, wg^ifiBCh 

[0 0 15] H3ti:RFfctJ77 1 2 0W\ y^V^JETj 
5 P a £*5VyC, C I , <7)5£a£ 5 s c c m— Ufc 

©•§-<ag{fc#y ^|p§)»Xyfy^L 

BCI, OofLfi&#^Sr^-r(E-C-, B C 1 3 jS* 1 0 s c 
c m^JiT-lil?— ^W^y^^^u— 
z5Sto75»5. i4HRFffi^l 20W, ^ s^Vr/IE^ 5 
P a KlSs^T, B.C 1 , <73&Sfi£r 5 s c c m—fek Lfc 
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c l : ztfi&^fi^^i-m-c. Cl. 5 s c c mHis-? 
&*fitKgLfc&, ^i;x.>f^^u- hiifiTLx 
t^S :i 25Sfc>?5> -5 0 m 5 <i^-ft:#y ^A^pgJ^^frco 

tt. -r^^y^^^jE^ft^*, RFm^i2o 

W, BCI, ^fi5sccm, Cl. «f 5sccml: 

xyfv^u- Mi&*{;:{£T1-3:: tz3Sh>**5 e {H6 
10 Ji^y^Vi/ffiTJS P a, BCI, iftS5sccm, C 
1: 5ftfi5 s c c mid^tf-SM^y 7i|pl^ 
(7>^-y^>^U— hrol 1 rotil 5 t!20tSl 6 
^rflC^DfSRF^^tt, -Tfcfr*,* R FiU^Jlfe 
#tt?r^-r[3T?fc6 0 hiil5l?RFtU^ 
(Cit#JLTit*LTV^:: fcas*>a»5„ [H 2 — 6 iC^L 
7^^frC0 3 *>, is — h<aSv^ft=T*H:pSG 

aN, nSGaN, pSln, Ga,.,N, n§J I n, 
Ga... N, plln, Al, Ga,.,. ( N, nSln 
, Al,Ga,... r Ni3otU«SiO: O "a: y*f- 

[0 0 1 6] gX±I^BJL7tJ: BCI, tCl : 

©it* i Jii 5 ± 5 4x y f S:tt 5 : i: 4< . 

ib> *:^0jT'(i, BCI, Ii5 0 s c c m, Cl- 
S5sccm, xyfy^ip a) RFffl^l 20 

30 -Cil^LTt, ^^^{CiS^TX-^oi^^^^ttT-^ 
[00 17J ^|C17, 0 8feJ:U«I2|9~l 3&#fiBU 

^- k i coia^x^a:^! 

<£>J£rEI2]T-&-5o (2 7{C^-rj;9(C-^7T-r-^S«l 0 
40 0<P±l^, mtXV 7^nS^ft/<y77l 1 0 
1, M{fc#y 7iInM»3^^^ hilO 2 2)5?^ 

H03, i{kyf/y7^^Mi4^i0 4, ^fb^ 
T>m*mft=*>*? hm 1 o 6&i«ft^y ^A^nii 

1 0 2icSggUfcn{»J«fii 1 0 8 ^ 
^{k^y 7^IpS^»77 Kill 0 5(C^L7t 

pMm^i o 7 25SjT0fi£$nrv^5. nmm&i o n±p 

50 y KJS 1 0 5 , 10 4, n Si^^^^ 7 y KJB 1 
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*9 9 vm i o 2&5S£E£-t*\ ns^^>^n@i 
&fr&]{zn&m ioi~io6 ^m^zmtxy 

^ftiUt, In, A I, Ga,.,., Nfb^^Mgft 
^^t^S, Zixtt, ^rOia^c >ole fraction ) 

Z.k&V£ZfrhVhZ, ZZ.X\ IMx, ytt, 0 S 
x S 1, 0 S y ^ 1 x + y £ 1 Srr^/cLT 

[0018] mttfl) ^In^^y77i 1 0 

T*fc5 0 In, Al r Ga,..-, N<a fif It. 
tf, 0 S x S 1. 0 S yS 1 #£L<fifc. 0 S x 
£ 0.5, o ^ y £0.5 iciSiiixs, g-fk#y*A^ 

L-Cft»4al—$y^tt*4r#5fc I 
n, Al, Ga,.,., N^M/SfSfi,. mttf V <? J*Jh 
nS^n>^^hill0 2^ > WJLt£> 0 £ x 
S 1. 0 Sy £ 1 $f*L<fi, 0 £ x £ 0.3, 0 
£ y £0.3 tciStfixS, -^tt^, 
{£, ->!J3> (Si) ^-tr u> (S e) i^ofc^ttW 
■&%LtiQ£tlX^ZtiK ■fc^aftfci&gtt. 6 x lC'cnf' 
TfcS, Slt^iJ 7^nl^ift:^ 7 KI 1 0 3 
tt. SSft0i££0/&-rS p i n^3-^nfly£«/£-r5 0 
nS^»7 7Kil0 3i;1^5In, Al, Ga 

aas^^aas, mz.i-£, o £ x g 1, o s y si# 

*L<li, 0 £ x £ 0.3, 0. 1 £ y £ 1 (Cigtfix 
5, X. -^I3>9, nSJ£-*V5;fc«>J::. S i^Se^o 
7b^F^75S^Q$HTV><57iS. -^^Fi&^&Sli. 3 x 

mfc<Dmx-tbz a m&m 1 o 4i;:ffl^3 i n, ai, g 

aiJnS^, #j;ttf, 0 £ x£ 1. 0 £ y £.1 
$f*L<tt, 0 £ x £ 0.6, 0 £ y £0.5 {dilft 
H5 0 Sfk^f !/ "7 p S^ft ^ 7 y KS 1 O 5 II, 
*Jfeffi*«:ig/St5p i ng?^pffl!J&«fiRi-«, pSi 
¥3|^7yKSl0 5i:ffl^5In, Ai, Ga 

v vm i o 3&tf3{fc#y 7A^^Mi4® io4i 

*\ fllxfif, 0 £ x g 1, 0 £ y £ 1 #£L< 
It, 0 g x £ 0. 3, 0. 1 £ y £1.0 tCiUXftSo 
X, p^iri" -5 *:*!>{;:, -r^v^-A (Mg) . ^<!/ 
y^-A (Be) , MIS (2n) h^vfczp&Qa&l&n 
£ft-CV>5„ ^*£^zgg(2, 3 x lC'dn-'-^fea. &ffc 
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#y frA^pSN^fcsi'** i o 6ti % poo^s 

1 0 7^3>?^ HS?:S:{t-5rb*(75t><?3Tfe5 0 p 
Ml06lCffil>5In, Al, Ga 
N<7>&%mmt. Mzl&s 0 £ x SI, 0 g y 
£ 1 #£L<ti:, 0 £ x £ 0.3, 0 £ y £ 0.3 
ICit(iTi<5 0 pg!£-f-5fctf>-fc, ^li5Mg/B 
e, Z n £i^ofc^M^0£ftTl^-5o ^Wfo&B. 
te, 8 x 10" cm 1 T*&-5, 

[0 0 19] pfifjm^i o 7te. mtifv 7^^^ 
io m&mi o 4<D&yt{z^^Lxmwtem.mxhz 0 m& 

fttcte, ITO Kyv/'a-A-f^y-m'f K) 
<D£ote&mk&&<n<k-&Va1}*b&f££tiZ&* A I, 
Ni, Pt, Pd^)£jR£+#f5<0j£LT 1 k±lr\ 
n®mmi 0 8ii, t)?-MST*fc5i\ #ICig9! 
T?*> 5 Ti, Al. Ni. Pt, 
P d^^ST-MLT^J:^, 

[ 0 0 2 0 ] y._h(73lS:^-Cli, In, Al, Ga,.,., 
1 0 3&t>'g<k#y 7^pl*i^ 7 j' KI10 5 

20 o/OK^tyT*^ ^{k^ry ^A35^aj[flcSttSi o 

S 8 -<D«t 3IC-T^> - ir lc^oT. SEffctfy 

#?§t£JI 1 0 4^A$Jl5^t y T L. 38 

[0 0 2 1 ] ftldEl 7 (Ctf LrbW^Tt^-r KWi 
it7jfe^S8i5J:t/ll9~l 3£ffl^-CiftW-rS. 
[0 0 2 2] a) t77-l'tSfil0 0O±lCMO-C 
VD^$rfflPti 9fC^-r«fc ^Cn - I n, Al, Ga 
i-,., N/<y77Sl0 1, n-In. Al, Ga 
30 N = y^7 hil02, n-In, Al, Ga 

N77-;Kil0 3, ;vK-7*In 1 Al, G 
a,.,., N&ttill0 4, p-In, Al, Ga,-,-, 
N77 7K110 5, p-In, Ai, Ga,-.-, N = 
h® 1 0 6 &m%lftlz.mM-fZ a #Jxtf, n^7 
yK110 3©SS(10. Um, gtt®10 4^f$ 
f2 0 . 2 nm, p77«7 KJ110 5 <nl$. $fi0. 5^ 
m, p3^^hSl0 6©J?*li0. Umit5o 

Djgaw#fB§<7>— ^J?r^-r o r.0^gJ4^& (RF) 
40 &*VKimj7f£<ntfiE.CVD&X's K&7- J r's'<2 0 

22i, gf^W 23i:, S«*^^ 2 1 KBjA»*tfcS« 
^TtiS^f^^v-^/u^Sliife-r, M*^^2 lie 

lo-'^io-'PaS^ats. ^e^^. 

^Cct , )t77'l'7SSlO0$r#fiL, ^f^co^l- 
50 BLfcX^b L-Cfi. 0SJ^tf, 8 5 0t~l 0 5 0t©S 
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_«rS£Kj3l^-CGa (CH. ) , , In (CH, ) , , Al (CH 
v ) x &vm> &&mi*^iitt£< , m^^^^^ii 

r^ioi~^^^^hiiio6 s-eogfctfy 

X, ^F^^^a-r5 7t*ic % (Si 
H« ) ^\£x t sfn'<>*74X'=-—A'T?**s*7J* (C 
P: U ,) ^5:^At5o 10 
[0 0 2 3] (b) JfclC^w.hgBK^y^T'JB 1 0 1 - 
h@ 1 0 6iSJSiK6«i^±ttSfUfc^7T^r5« 
1 0 0SrCVD^P>^«9ttJL. p-In, Al f Ga 

»-,., n 3 y ^ ^ n 1 o 6 y ^ y 

' U JK (SiO: R) 111 BtftS, S i O. BH£?f2 
.^ir^tz^XDC VOfel-XYy X-^C VDfe, 3tCVD 

£ 5«cm^«0 7^ h y v j-&.m^£<omtm\ 

1 1 w±i:7t h h 1 1 2(7)^^-=.y/Srt 20 
5 0 7t hu-^ Mi^JxLCfAZ^^tf^U-v 5 :* 
l^iLfcf .fcl^o M(±^jilf3 0 0 nraOfJ, 7;*- h 

[0 0 2 4] (e) Hl0l:*t7*H/^Hl'2 

tmtmi 1 ia»e>*5 as^-^^^x^xyf > 

^ffl^*^ £: LTEl 1 1 {d^-f <fc 7 fwC 1 - &^BC1 

>^^F®106, p-^77h*il0 5, y>K— 7* 
Sftll0 4, n ^ 7 y Kii 1 0 3 Z^ y^'sSL, g§ 
Si. 2 /xmOUfSl 1 3 £rJBJ5fcU n=*>*^NJSl 30 

0 2iSgtB$-fr5. n =2 hJi 1 0 2 C0-S2££ <b 

- 1 j OSES 5 0 s c c m, Cl : cojjfcS: 5 s c c m, 
=-y*f-s?m.f} \ P a, REffi;^ 1 2 0WT*i 0;9f,^l^T 
fc;i^iJ:v\, 

[0 0 2 5] (d) 77X-7X yfy^v^^fti U 
TffiV>fc7d- h fi** H 1 2£N a OHf^L, » 
<tmi 1 lSrHF-e^S, StgSrSfe#r-5o ffifeto* 

1 0 7ffi«73 I TO§Mf5, r^pflijmUl 0 7<0 

I TOIi 0 Knm&nmz^ ITOJ&10 7;&S=i 
hi-5SP^^«?Dij£^«:jl^7d- h Ml 
4tStlLT^t) 4 ID 1 2[C*-f J: 3fc I TOBIl 0 7 

P KJS 1 0 6 (75JiS5(75^{r pltHl 0 7C0^ 

[0 0 2 6] ( e ) fc\Z.m 1 3 <fc 7 «CUJ*£>JiEgB 

{-nflijmS 10 8 €r^^i"5. nffilJfllS 10 8 50 
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7#BB) 8 ^ 

[0 0 2 8] ±IE^gftWT«*Lfe^, 
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